We examined the activity of bortezomib, dexamethasone, and rituximab (BDR) in patients with symptomatic, untreated Waldenströ m macroglobulinemia (WM).
INTRODUCTION
Waldenström macroglobulinemia (WM) is a B-cell disorder, which is characterized by bone marrow infiltration with lymphoplasmacytic cells and an immunoglobulin M (IgM) monoclonal gammopathy. [1] [2] [3] Familial predilection has commonly been observed in WM. 4 Despite advances in therapy, WM remains incurable, and novel therapeutic agents are urgently needed.
Bortezomib is a proteasome inhibitor that shows potent in vitro activity against primary WM cells and cell lines, [5] [6] [7] as well as significant singleagent activity in the salvage therapy of patients with WM in whom overall response rates (ORRs) of 60% to 80% and major response rates of 50% to 60% have been observed. [8] [9] [10] [11] No complete responses (CRs) were observed in these series, and the median time to progression (TTP) was 8 to 9 months. Rituximab has been an important mainstay in the therapy of patients with WM, having ORRs of 27% to 35% and median durations of response of 8 to 27 months when used as monotherapy. [12] [13] [14] [15] More recently, the use of an extended treatment schedule for rituximab has been evaluated in patients who received eight infusions of rituximab (375 mg/m 2 /wk) at weeks 1 to 4 and 12 to 16. ORRs of 44% to 48% were observed in these studies, with median durations of response of 16 to 29 months. 16, 17 No CRs have been observed in these series.
Although the importance of attaining a CR/near complete response (nCR) has been reported as a predictive variable for progression-free survival in multiple myeloma, [18] [19] [20] [21] a recent study by the Waldenström's Macroglobulinemia Clinical Trials Group (WMCTG) showed that attainment of at least a very good partial response (VGPR) (Ͼ 90% reduction in IgM) predicted a significantly longer TTP. 22 However, the attainment of CR/nCR has been elusive in most clinical trials involving WM patients in whom CR/nCR rates of 5% to 10% have been observed with various combination therapies, including rituximab-based therapies. [22] [23] [24] [25] [26] Moreover, concerns about the impact of therapy on stem cell collection and long-term safety have been raised in several recent publications, invoking a greater need to explore novel treatment strategies in WM. 22, 27, 28 In view of these considerations, we and others have sought to develop more effective upfront strategies for WM therapy, while avoiding the use of oral alkylator and nucleoside analog agents. In preclinical studies, additive and possibly synergistic tumor cell killing have been demonstrated in various lymphoma and myeloma models with various combinations of bortezomib, rituximab, and/or corticosteroids. [29] [30] [31] Thus, we pursued the clinical exploration of bortezomib, dexamethasone, and rituximab (BDR) in the upfront treatment of patients with WM.
PATIENTS AND METHODS

WM patients requiring therapy based on consensus recommendations
32 who were previously untreated and who had a platelet count of Ն 50 ϫ 10 9 /L, absolute neutrophil count of Ն 0.75 ϫ 10 9 /L, creatinine clearance of Ն 30 mL/min, total serum bilirubin of less than 2.0, AST/ALT of less than 3ϫ the upper limit of normal, and a Karnofsky performance status Ն 60% were eligible. Patients who were pregnant or lactating, had serious comorbid disease, or had any uncontrolled infection or active second malignancy were not eligible. Patients with peripheral neuropathy (PN) were not excluded from participation in this study. Contraception was required for all patients of reproductive potential for the duration of protocol treatment.
All patients provided informed written consent, and the institutional review boards of all participating institutions granted study approval. Intended therapy consisted of four continuous cycles of BDR followed by a 12-week pause and then four additional cycles of BDR spaced 12 weeks apart. This schedule was chosen in hopes of attenuating the development of PN, because in our earlier experience with bortezomib monotherapy, the incidence of PN increased after four continuous cycles of bortezomib therapy. In this study, a cycle of therapy consisted of bortezomib 1.3 mg/m 2 intravenously (IV); dexamethasone 40 mg IV days 1, 4, 8, and 11; and rituximab 375 mg/m 2 IV on day 11. Dose modification and delay of therapy were permitted. All toxicities with the exception of PN were managed as follows: For any Ն grade 3 nonhematologic toxicity or grade 4 hematologic toxicity, the offending study drug was determined and held up to 2 weeks. For nonhematologic toxicity, the offending study drug was held until toxicity returned to Յ grade 1. For hematologic toxicities, the offending drug was held until the patient had hemoglobin Ն 7.5 g/dL, absolute neutrophil count Ն 0.5 ϫ 10 9 /L, and platelet count Ն 30 ϫ 10 9 /L. The use of transfusions or cytokine support to meet retreatment criteria was permitted. Treatment interruption was not required for lymphopenia. If the toxicity did not resolve during the 2-week hold period as noted, the offending study drug was discontinued. If the toxicity resolved during the 2-week hold period, restart at the same dose level was permitted. If the toxicity recurred, therapy was again held as above. Restart for bortezomib was permitted but with a dose reduction to 1.0 mg/m 2 after the second hold period and to 0.7 mg/m 2 after a third hold period for recurring toxicity. Bortezomib was permanently discontinued if a fourth hold period was required. Patients experiencing bortezomib-related PN had their dose reduced using guidelines previously established in patients with multiple myeloma. 33 ,34 Dose reduction of rituximab or dexamethasone was not permitted, but either drug could be held for toxicities as noted above. The use of diphenhydramine, acetaminophen and, at the treating physician's discretion, corticosteroids and/or ranitidine or cimetidine was permitted for rituximab infusion prophylaxis. Granulocyte colony-stimulating factor, erythropoietin, and transfusions of packed RBCs or platelets were permitted to support patient's counts during therapy. The study was amended to strongly recommend herpes zoster prophylaxis after four of the first seven patients developed shingles. Valcyclovir 1 g once a day or acyclovir 400 mg twice a day was recommended for shingles prophylaxis. In addition, the prophylactic use of plasmapheresis was recommended for patients demonstrating an IgM level of Ն 5,000 mg/dL before the administration of rituximab, given the potential for rituximab-mediated IgM flare and aggravation of hyperviscosity. 16, 35, 36 Patients were assessed at each cycle and were eligible for continuation of therapy in the absence of progressive disease. Patients were also assessed for Յ 30 days after completion of the first four cycles of induction therapy and the last four cycles of maintenance therapy. Baseline studies consisted of CBCs and differential; quantitative serum IgM levels; serum protein electrophoresis; bone marrow biopsy and aspiration; computed tomography scans of the chest, abdomen, and pelvis; serum electrolytes; liver function tests; blood urea nitrogen; creatinine; and serum ␤ 2 -microglobulin levels. Restaging studies included CBC and differential; quantitative serum IgM levels; serum protein electrophoresis; a bone marrow biopsy and aspiration (to confirm CR); and computed tomography scans of the chest, abdomen, and pelvis if extramedullary disease was present at baseline. Response determinations were made using modified consensus panel criteria from the Third International Workshop on Waldenström's Macroglobulinemia, 37 and response rates were determined on an intent-to-treat basis. A CR was defined as having resolution of all symptoms, normalization of serum IgM levels with complete disappearance of IgM paraprotein by immunofixation, absence of bone marrow disease by bone marrow biopsy and aspiration, and resolution of any adenopathy or splenomegaly. An nCR was defined as fulfilling all CR criteria in the presence of a positive immunofixation study. Patients with VGPR, partial response (PR), and minor response were defined as having a Ն 90%, Ն 50%, and 25% to 49% reduction in serum IgM levels, respectively. Progressive disease occurred when a more than 25% increase in serum IgM level or progression of clinically significant disease parameters was observed. TTP was calculated from the start of therapy using the Kaplan-Meier method. The primary end points of this study were overall response, median progression-free survival, and toxicity.
Statistical analysis included comparison of pre-and post-treatment parameters performed using a two-tailed t test in Excel software (Microsoft, Redmond, WA). For nonparametric testing of pre-and post-treatment responses, two-tailed Fisher's exact test (VassarStats; Vassar College, Poughkeepsie, NY) was used. A P value Յ .05 was deemed to be significant for these studies.
RESULTS
Patient and Disease Characteristics
Twenty-three of the intended 25 patients were enrolled onto this study, which was ended prematurely in favor of a successor study that used a once-a-week bortezomib schedule. The baseline characteristics for the patients on this study are listed in Table 1 . Treatment initiation was based on consensus criteria 32 and included anemia (n ϭ 16), hyperviscosity (n ϭ 5), and symptomatic amyloidosis (n ϭ 2). Of the 23 patients enrolled onto the study, 19 received treatment beyond four cycles of therapy, and 18 patients completed all eight cycles. Three patients were removed after completing four cycles of induction therapy because of lack of response (n ϭ 1) and progressive disease (n ϭ 2), whereas two patients elected not to continue with therapy (one after cycle 4 of induction, one after cycle 5), both of whom were in a major response (one CR, one PR).
Response
Median IgM levels for all 23 patients declined from 4,830 mg/dL (range, 458 to 9,950 mg/dL) pretherapy to 1,115 mg/dL (range, 18 to 4,930 mg/dL) at best response (P Ͻ .0001). Pretherapy, 13 of 23 patients (57%) demonstrated an IgM level Ն 3,000 mg/dL; after treatment, only two of 23 (9%) had an IgM level Ն 3,000 mg/dL (P ϭ .0012 by Fisher's exact t test). Median serum IgM levels after each cycle of induction (C1 to C4) and maintenance (M1 to M4) therapy are shown in Figure 1 . Bone marrow involvement also decreased after therapy, with a decline in the median percentage of tumor cell involvement from 55% (range, 5% to 90%) to 10% (range, 0% to 70%); P ϭ .0004. Categorical responses were as follows: CR, n ϭ 3; nCR, n ϭ 2; VGPR, n ϭ 3; PR, n ϭ 11; and minor response, n ϭ 3 for ORRs and major response rates of 96% and 83%, respectively. Among responders, the median time to a Ն 25% reduction in serum IgM was 1.4 months (range, 0.7 to 15 months), whereas the median time to best response for responding patients was Ͼ 15 months (range, 0.7 to Ͼ 26 months).
TTP
With a median follow-up of 22.8 months (range, 3.3 to 33.2 months), all patients are alive and 18 patients remain free of disease progression. Among the five patients who experienced disease progression, one had stable disease after four cycles of induction therapy, and four patients had a PR. The Kaplan-Meier curve for TTP for all patients is shown in Figure 2 . Estimation for median TTP was not possible because of insufficient events, but it exceeds 30 months.
Changes in Hematologic Parameters in Treatment of WM Patients
A significant increase in the median hematocrit was noted for all patients from 29.8% (range, 19.5% to 50.5%) before therapy to 38.2% (range, 28% to 47.8%) after treatment (P Ͻ .00001), with 16 (70%) of 23 patients demonstrating an absolute increase in hematocrit of more than 2%. Before therapy, the median platelet count was 198 ϫ 10 
Toxicities
Toxicities of grade Ն 2 encountered in this study are listed in Table 2 . PN was the most common toxicity encountered in this study, and it resulted in premature discontinuation of bortezomib in 14 patients (61%). Discontinuation of bortezomib occurred after a median of four cycles (range, three to six cycles) of treatment in these patients. In three patients, dexamethasone was discontinued because of persistent hyperglycemia (n ϭ 1), GI intolerance in the absence of bleeding (n ϭ 1), and corticosteroid-related myopathy (n ϭ 1) at cycles 3, 5, and 6, respectively. In one patient, rituximab was discontinued at cycle 7 because of suspected rituximab-related late neutropenia. Toxicities of grade Ն 2 are listed in Table 2 . Among the 16 patients experiencing grade Ն 2 PN, resolution to grade Յ 1 occurred in 13 patients (81%) at a median time of 6.0 months (range, 1.9 to 29.9 months) after onset of the PN.
Rituximab-Induced Hyperviscosity
Plasmapheresis was strongly recommended for patients who had a pretherapy serum viscosity of Ն 3.5 centipoise or serum IgM of more than 5,000 mg/dL to avoid rituximab-induced symptomatic IgM flare. 16, 35, 36 Six patients therefore underwent prophylactic pretherapy plasmapheresis. A spike in serum IgM level (Ն 25%) associated with rituximab at any point during therapy was observed in 2 of 23 patients (9%), both of whom required plasmapheresis.
DISCUSSION
We examined the combination of BDR as a novel regimen for primary therapy of WM, given preclinical studies supporting potential synergism of these agents. [29] [30] [31] The outcome of this study demonstrated an ORR of 96%, including an 83% major response rate. Importantly, 22% of the patients achieved a CR/nCR and 35% achieved a VGPR or better. These responses compare favorably with those achieved by one of the agents alone (ie, bortezomib, rituximab, or dexamethasone), for which ORR and major response rates of 40% to 50% have been reported. Importantly, no CRs/nCRs have been observed with either bortezomib or rituximab alone in the primary treatment setting.
8-10,15-17 Furthermore, the CR/nCR rate observed in this study seems higher than those previously observed with other rituximabbased regimens, in which CR/nCR rates of 0% to 10% have been reported. [23] [24] [25] [26] 38, 39 The attainment of VGPR or better may be an important prognostic marker for progression-free survival, as several myeloma studies and at least one long-term outcomes study in WM have suggested. [18] [19] [20] [21] Notably, no patient attaining a VGPR or better has so far demonstrated progression.
An important consideration in this series was the rapid time to response. The median time to a Ն 25% reduction in serum IgM in this series was 1.4 months, which compares favorably with most of the monotherapies currently in use as well as combination therapies with rituximab with times to response of more than 3 to 4 months 16, 17, [22] [23] [24] [25] [26] 39 Therefore, in WM patients in whom more rapid responses may be required (eg, those patients with symptomatic hyperviscosity, cryoglobulinemia, or autoimmune cytopenias), the use of BDR may represent a particularly attractive treatment option. Also important in the consideration of treatment choice is the potential impact of the rituximab-induced IgM flare, which may lead to symptomatic hyperviscosity, worsening of IgM-related neuropathy, cryoglobulinemia, and other IgM-related autoimmune complications. In previous studies, we and others observed that bortezomib could have an impact on the secretion of IgM independent of WM tumor cell killing, suggesting a potentially suppressive role for bortezomib in blocking IgM release. 8, 40 As observed in this study, only two patients (9%) treated with BDR exhibited a rituximab-related IgM flare while receiving treatment, which compares favorably with 25% to 75% of patients experiencing flares with rituximab monotherapy or with other rituximab combinations, including cyclophosphamide, nucleoside analogs, thalidomide, and lenalidomide. 16, 17, 25, 35, 36, 38, 40, 41 The sequencing of rituximab (ie, delaying rituximab infusion to the end of the therapeutic cycle v using it at the beginning) seems to play an important role in mitigating the IgM flare with nucleoside analogs 40 and may also account for the decreased incidence of IgM flare observed in this study, wherein rituximab was given on day 11 of each cycle after bortezomib and dexamethasone. Despite these findings, clinicians should consider prophylactic plasmapheresis before any rituximab administration in patients with elevated serum IgM or serum viscosity levels (ie, Ͼ 5,000 mg/dL and 3.5 CP, respectively). Following treatment, serum IgM and viscosity levels should be closely monitored to determine whether additional plasmapheresis may be required.
Although the median TTP has not been reached in this study, it appears to be more than 30 months compared with that previously reported for either rituximab (14 to 27 months) or bortezomib (16 months) alone when used as first-line therapy.
9,15-17 In addition, the response duration with BDR seems to be at least on par with those previously reported with other rituximab-containing regimens, including those in combination with cyclophosphamide, nucleoside analogs, and thalidomide. [22] [23] [24] [25] [26] 39 The most notable toxicity encountered in this study was sensory PN, which was reversible in more than 80% of patients at a median of 6.0 months. The incidence and reversibility of bortezomib-related PN in this study were similar to those previously encountered in singleagent experiences with bortezomib in patients with relapsed refractory WM and in other patient populations. The incidence of grade 3 PN in these collective experiences suggests that WM patients may have a Anemia  18  78  1  4  0  0  Anorexia  2  9  0  0  0  0  Arrythmia  2  9  1  4  0  0  Cough  3  13  0  0  0  0  Diarrhea  2  9  0  0  0  0  Dehydration  3  13  0  0  0  0  Dyspnea  3 greater propensity for developing more severe bortezomib-related neuropathy, given that grade Ն 3 neuropathy was observed in 20% to 30% of WM patients versus 2% to 12% in patients with follicular lymphoma, mantle cell lymphoma, and multiple myeloma. 11,42-45 An increased propensity for WM patients to develop drug-induced PN has also been observed with other agents, including thalidomide and vincristine, 25, 38 and therefore more vigilant monitoring, better patient education, and earlier dose modification should be considered with all neuropathic agents, including bortezomib in patients with WM. In addition, the use of an alternative dose and schedule of bortezomib (ie, bortezomib 1.6 mg/m 2 once a week) may represent a more neuropathy-sparing approach in WM patients, as suggested in ongoing studies by Ghobrial et al. 46 The unexpected high incidence of herpes zoster, which occurred in four of the first seven patients treated during this study, prompted the routine use of herpes zoster prophylaxis with either valcyclovir or acyclovir with good effect. Only one patient who did not fill her prescription for valcyclovir subsequently developed herpes zoster. The incidence of herpes zoster came as a surprise because in our earlier experience with bortezomib monotherapy in WM, the incidence of herpes zoster was low (0% to 10%). [8] [9] [10] [11] Similarly, in myeloma patients treated in the APEX (Effects of Allopurinol on Coronary and Peripheral Endothelial Function in Patients With Cardiac Syndrome X) study with bortezomib alone, the incidence of herpes zoster was 13%. 47 The use of corticosteroids/and or rituximab may confer an added risk for herpes zoster when used with bortezomib, and therefore herpes zoster prophylaxis should be used with BDR. The shingles prophylaxis vaccine (Zostavax; Merck, Whitehouse Station, NJ) should not be used in this regard because it is contraindicated in this patient population.
In summary, BDR produces rapid and durable responses, along with high rates of response and complete remissions in WM. The use of BDR offers a stem cell-sparing approach to the therapy of WM and may be a particularly suitable regimen for those patients in whom more rapid remissions are needed. Herpes zoster prophylaxis is necessary with BDR, and reversible PN is the most common toxicity observed on the twice-a-week schedule of bortezomib used in this study. 
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